The effects of maximal, voluntary isometric handgrip exercise on the intensity of cardiac murmurs was evaluated in 36 patients and the results compared with the effects of amyl nitrite and phenylephrine. The isometric handgrip exercise produced immediate, reproducible, and significant increases in heart rate and blood pressure. It also increased the intensity of murmurs due to aortic and mitral regurgitation and mitral stenosis and attenuated the murmurs of left ventricular outflow tract obstruction. 
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It is not always possible to determine the origin and significance of certain heart murmurs during cardiac auscultation ofthe resting patient. A variety of physical manoeuvres or pharmacological interventions are available for use in differential diagnosis I970) .
Isometric handgrip exercise is a form of sustained voluntary muscle contraction shown by Donald et al. (I967) rapidly to induce significant increments in heart rate and blood pressure. These circulatory responses are readily obtained in the supine position and are related to the intensity of contraction independent of the muscle mass involved , (Lind and McNicol, I967) . A preliminary study from our laboratory (Stonecipher et al., I970) showed that the haemodynamic changes induced by sustained isometric handgrip pro-'duced predictable alterations in the amplitude of murmurs in patients with a variety of cardiac anatomical lesions. We have also reported on the role of isometric stress testing for evoking or accentuating the phonocardiographic and apex cardiographic signs of left ventricular dysfunction (Siegel et The purpose of this study was to document the changes induced by isometric handgrip on the amplitude of heart murmurs in 36 patients with a variety of valvular and other cardiac defects. In over half of these patients the changes in murmur intensity were compared during isometric handgrip and amyl nitrite inhalation or during phenylephrine administration.
Subjects and methods
Thirty-six patients were studied, of whom 27 had proven cardiac lesions during previous diagnostic cardiac catheterization. The remaining 9 patients were felt to have unquestionable clinical evidence of specific valvular cardiac lesions. The lesions studied are listed in Table i handgrip strength. Blood pressure was measured in the non-exercising arm during rest and exercise using a standard blood pressure cuff (I13 cm x I3-5 cm). All patients were instructed to breathe normally to avoid performing the Valsalva manoeuvre. Fig. i illustrates the dynamometer and isometric handgrip exercise technique. All 36 patients performed isometric handgrip exercise; of these, 27 also received amyl nitrite and, of these, I9 also received phenylephrine. One patient of the 36 received phenylephrine after isometric handgrip exercise without previous amyl nitrite inhalation. Amyl nitrite and phenylephrine were administered to compare the effect upon the murmurs of the tachycardia induced by amyl nitrite with that induced by isometric handgrip, and to compare the effects of the pressor response induced by phenylephrine with that of isometric handgrip. Amyl nitrite inhalation was begun after control tracings were obtained and after a sufficient period was allowed for the patient to return to the resting state (2 to 5 minutes). , and I0 seconds after release of I00 per cent MVC from a patient with moderately severe aortic regurgitation. The I00 per cent MVC increased the heart rate from 65 to 80 beats/minute and the blood pressure from 120/48 to 152/55 mmHg. Note the obvious accentuation of the aortic diastolic murmur during I00 per cent MVC and the rapid return to normal intensity after handgrip release.
output, and an increase in both systolic and diastolic pressure. Freyschuss (I970) has shown the tachycardia to be mediated by the release of vagal tone and the pressor response to result from both the increase in heart rate and cardiac output and an increase in systemic vascular resistance mediated by the sympathetic nervous system. We have demonstrated similar reflex increases in heart rate, cardiac output, and systemic and pulmonary arterial pressure during isometric handgrip exercise performed during cardiac catheterization in over 60 patients with a variety of acquired and congenital cardiovascular lesions (manuscript in preparation).
The basic pharmacological action of amyl nitrite is to relax smooth muscle. Amyl nitrite causes a decrease in systemic vascular resistance and systemic arterial pressure accompanied by a reflex increase in heart rate and probable venoconstriction with an increased venous return (Beck et al., I96I) . The cardiac output and ejection velocity are increased whereas little change occurs in stroke volume (Perloff et al., I963) .
Phenylephrine is a potent pressor agent acting through vascular sympathetic alpha receptors to produce an obvious increase in systemic vascular resistance (Innes and Nickerson, I970). The pressor response to 10 SEC. RECOVERY group.bmj.com on October 15, 2017 -Published by http://heart.bmj.com/ Downloaded from phenylephrine is accompanied by reflex bradycardia, little change in stroke volume, and a resultant decrease in cardiac output (Beck et al., I96I) .
The increased intensity of aortic and mitral regurgitant murmurs with isometric handgrip exercise can be explained by the significant elevation of aortic diastolic and left ventricular psystolic pressures that accompanies isometric exercise. Phenylephrine also increased aortic and left ventricular pressure and increased the intensity of aortic and mitral regurgitation murmurs in our patients as previously noted by Luisada and Madoery (I966) . The observation in our patients that amyl nitrite either decreases or does not alter the murmur of raortic regurgitation while exerting a variable effect, including a 'paradoxical' increase, on the murmur of mitral regurgitation is in accord with Luisada and Madoery (I966) .
Although only 4 patients with valvular aortic stenosis were studied, isometric handgrip decreased the systolic murmur in 3 ,patients. This effect may result from the decrease in systolic gradient that has been described when systemic resistance is raised (Perloff et al., I967; Silove, Vogel, and Grover, I968) , and during dynamic exercise (Anderson et al., I969) . The murmur response, in 2 patients with aortic stenosis, to amyl nitrite and phenylephrine was expected, based on the haemodynamic action of these agents.
The diastolic rumble of mitral stenosis increased in intensity during isometric handgrip exercise. The shorter diastolic filling period associated with tachycardia during isometric handgrip may explain the increase in murmur intensity. A similar increase in the ,mitral rumble with dynamic exercise can be explained by an increase in mitral valve flow rate that results during tachycardia and an increase in cardiac output (Kasalicky et al., x1968). Amyl nitrite is also thought to augment the rumble ofmitral stenosis by causing tachycardia and an increase in cardiac output (Tavel, I967) . The failure of amyl nitrite to increase the mitral rumble in 3 of 7 patients tested in this study is unexplained. Though phenylephrine might be expected to decrease 
